Abstract At the national level, with a fixed amount of resources available for public investment in the restoration of biodiversity, it is difficult to prioritize alternative restoration projects. One way to do this is to assess the level of ecosystem services delivered by these projects and to compare them with their costs. The challenge is to derive a common unit of measurement for ecosystem services in order to compare projects which are carried out in different institutional contexts having different goals (application of environmental laws, management of natural reserves, etc.). This paper assesses the use of habitat equivalency analysis (HEA) as a tool to evaluate ecosystem services provided by restoration projects developed in different institutional contexts. This tool was initially developed to quantify the level of ecosystem services required to compensate for non-market impacts coming from accidental pollution in the US. In this paper, HEA is used to assess the cost effectiveness of several restoration projects in relation to different environmental policies, using case studies based in France. Four case studies were used: the creation of a market for wetlands, public acceptance of a port development project, the rehabilitation of marshes to mitigate nitrate loading to the sea, and the restoration of streams in a protected area. Our main conclusion is that HEA can provide a simple tool to clarify the objectives of restoration projects, to compare the cost and effectiveness of these projects, and to carry out trade-offs, without requiring significant amounts of human or technical resources.
Introduction
One of the Aichi Biodiversity Targets adopted in 2010 in Nagoya by the Parties, during the tenth meeting of the Conference of the Parties, is to restore at least 15 % of degraded ecosystems (target 15) by 2020.
At the national level, with a fixed amount of resources available to finance public investment in the restoration of biodiversity, it is difficult to prioritize restoration projects. One way to do so is to assess the level of ecosystem services delivered by alternative projects, and/or alternative actions within these projects, and to balance these levels with the costs of these projects/actions. The challenge is to derive a common unit of ecosystem services in order to compare actions/projects carried out in different institutional contexts and having different goals (application of environmental laws, management of natural reserves, production of specific services for local populations, etc.).
The goal of this paper is to assess the use of habitat equivalency analysis (HEA) as a tool to evaluate ecosystem services provided by alternative restoration projects developed in different institutional contexts. Recent publications have highlighted the use of equivalency tools to provide valuations of ecosystem services in biophysical units (Dumax and Rozan 2011; Vaissière et al. 2013 ). These publications, however, are based on hypothetical case studies. The goal of this paper is to assess the applicability and reliability of HEA for performing cost-effectiveness analysis of restoration projects carried out in various places in France during recent years.
The first section of this paper presents the HEA method and the economic arguments that support its broader use. The second section presents the results of its application to four restoration projects in France, based on different institutional goals. The third, final section discusses these results.
As we aim at valuing ecosystem services gains associated with restoration projects/actions which take place in contexts other than compensation of accidental impacts, we need to adjust the HEA method in order to adapt it to each restoration action. In this paper, we want to determine if HEA can be used in the context of other institutional objectives.
Materials and Methods
The Use of the HEA in the NRDA Procedure
The NRDA procedure was created in 1986 by the CER-CLA law, also known the Superfund Act. This procedure is used to assess the level of damage after accidental pollution, in order to calculate how much the polluter will have to pay for these damages.
The NRDA procedure is based on several steps: ''Trustees 1 '' are informed that an environmental impact has occurred; negotiations take place between polluter and trustees; an evaluation is performed to assess the scale of the damage, the intensity of the impact, the primary restoration actions to carry out on the affected site, and the recovery time of the impacted ecosystems; a call for bids is issued by the trustees for restoration projects which will compensate for temporary losses of ecosystem services; the proposed projects are evaluated and ranked 2 ; the primary and compensatory costs, and the costs of the procedure, are paid by the polluter. The primary restoration accelerates the speed of the ecological recovery of the impacted site (ecological gains are assessed by surface A in Fig. 1 ). However, even if this action restores the initial good ecological state of the ecosystem, there is still a temporary loss of ecosystem services (corresponding to surface B in Fig. 1 ) which requires compensatory action in order to have ''no net loss of ecosystem services. '' At the end of the eighties, the challenge was how to evaluate the ''no net loss of ecosystem services.'' Initially, the assessment of surface B used the contingent valuation method (CVM) to estimate the values of the non-market impacts (Mazzotta et al. 1994; Jones and Pease 1997) . The rationale of this method was to place a monetary value, payable by the polluter, on the social cost of the injuries. This amount was then to be used for restoration actions in order to produce ecosystem services for the population as a whole, as mentioned in the Oil Pollution Act (OPA). The implementation of this method quickly faced two main challenges: it was very costly to collect information on preferences regarding both environmental damages and environmental restoration projects, and the CVM was heavily debated in the community of economists (Bateman and Willis 1999; Arrow 1993; Arrow et al. 1993; Kahneman and Ritov 1994; Kahneman et al. 1999) and strongly contested by the polluters. 3 The result of these problems was that, at the end of the 90 s, these monetary valuations were less and less accepted by the court of justice as estimates of the non-market impacts of environmental pollution (Thompson 2002) .
Acknowledging that the CVM method was too costly and no longer accepted by the court of justice, in 1995, National Oceanic and Atmospheric Administration (NOAA) created the HEA tool, thus abandoning the monetary value equivalency in favor of a biophysical ecosystem services unit equivalency Dunford et al. 2004; Roach and Wade 2006; Thompson 2002; Zafonte and Hampton 2007) . In order to compensate for ecosystem services lost, this equivalency is used to determine the biophysical restoration required to make ecological improvements at another site, under the assumption that this calculation of biophysical equivalency helps ''determine whether restoration actions make the public whole for injuries due to the spill'' (Mazzotta et al. 1994, p. 174) . The amount of money the polluter is 1 Trustees are representatives of the public as a whole in defending the environmental interests of the population. They can be an environmental administration, a tribal party, a county, etc. 2 Today, the criteria for ranking are well defined, but this was not the case at the end of the 80 s. Up to now, restoration projects are approved for consideration if they have the potential to achieve a quantifiable increase in one or more of the injured resources, and if there is sufficient information about the project to (a) evaluate it and (b) enable its implementation within the next 12 months. Next they are ranked according to 6 ''qualitative'' criteria: cost, amount of ecological improvement in DSAYs, probability of success, potential Footnote 2 continued collateral losses, number of targeted ecosystem services, and effects on public health and safety. 3 Especially during the Exxon Valdez legal procedure, which lasted 20 years and wasted a lot of public time and effort as well as a great deal of money (1.3 milliards US$ 1991) without any resulting action. ultimately required to pay is based on the cost of restoration actions which achieve biophysical equivalencies in ecosystem services units.
The losses from impacts and the gains from compensation are calculated in discounted services per acre and per years (DSAYs). In US, the discount rate adopted is 3 %. A ratio is also used to determine the relative values of the ES gains vis-à-vis the ES lost: for example, if the restoration was carried out in a low population area although the impact was in a high population area, or if the methods of restoration are not good enough.
The rationale of the HEA is described in Eq.
(1) (Unsworth and Bishop 1994) and is observable in Fig. 2 if we assume that surface C has to be equal to surface B in Fig. 1 in order to have a no net loss of ES. HEA quantifies gains and losses as Discounted Services Acres Years (DSAYs).
where T is the year of valuation, d is the year in which the damage first occurred, c is the year in which the restoration begins, t d represents the years during which losses are accounted for and t c the years during which the gains are accounted for, N is the total economic value of an acre of ecosystem, W t d is the number of acres of ecosystem lost in year t and W t c is based on a potential of ES delivered by the restored ecosystem during the year t (in percentage of gains in relation to full potential), R d is the year the damaged ecosystem returns to the reference state (prior to the impact) and R c is the year selected to end the calculation of the gains, and i is the discount rate. Some underlying assumptions of this model have to be pointed out (Dunford et al. 2004; Roach and Wade 2006; Zafonte and Hampton 2007) : the unit of reference to calculate equivalency becomes the ecosystem service (ES), and it assumes that humans derive utility from natural resources in proportion to the ecosystem services they provide. As such, the services from restoration projects designed for compensation should provide approximately the level of utility needed to reach the objective of compensation for public loss from the injury (Roach and Wade 2006) . In the end, restoration costs become a proxy for the social cost of the non-market impacts even if it is recognized that ''replacement costs are a poor cousin to theoretically correct welfare-based measures of economic damages'' (Unsworth and Bishop 1994, p.38) .
Calibration of the HEA
According to Eq. (1), it is assumed that N is a constant variable. Only two parameters are more difficult to define.
The first important issue for the calibration is the question of the measurement of the level of ecosystem services lost with the impact (W t d ) and gained with the compensation (W t c ) through a specific indicator. As it is hard and costly to measure all components of an ecosystem, HEA relies on the use of an indicator. Generally, the best choice of indicator is an ecological parameter that is representative of the damaged habitats and/or natural resource. This indicator is central to the process as it will be used for both the determination of losses resulting from damage and measurement of the gain associated with compensatory restoration. Thus, HEA results will be very sensitive to this choice (Strange et al. 2002 , Vaissière et al. 2013 . As shown in Table 1 , various indicators can be found in the literature depending on the type of ecosystem and the targeted services or functions. From the measurement of the indicator, HEA calculates ecosystem services as an estimated percentage. Quantification of gains is determined relative to the level of services on the site of injury in its reference state. The second key parameters are the time scale and the discount rate. The time scale is based on the dynamics of the ecological recovery at the impacted site (R d ) and at the compensatory site (R c ). The application of a discount rate (i) reflects the ''social rate of time preference, which reflects society's willingness to shift the 'consumption' of public goods (such as natural resource services) over time'' (Dunford et al. 2004, p. 62) . In this case, discounting is not applied to the monetary value of ecosystem services, but directly to the biophysical quantity of ecosystem services. In the case of NRDA procedures, a discount rate of 3 % is generally applied and the time reference (d and c) is usually based on the year of the impact (NOAA 1997).
The Adapted HEA Compensation can be considered as an institutional objective that will change according to the nature of the impact but above all according to the legal standards which specify the ecological goals to achieve.
In the adapted HEA, the idea is to adopt a reference state depending on the institutional/legal frame in which the assessment makes sense: good ecological status for the European Marine Strategy Framework Directive (MSFD) or the Water Framework Directive (WFD), no net loss for the Environmental Liability directive, and so on.
All these elements are of key importance for the application of the method, and they are all taken from observations of the damage to natural resources. Table 2 summarizes how the expansion of HEA has been applied in order to calculate DSAYS for different types of institutional goals.
In this paper, we will apply HEA to the valuation of actions for restoration of ecosystem services in relation to their institutional goals. This work will rely on case studies from four sites in France. A discount rate of 3 % is used for the adapted HEA. The year of reference will be based on the institutional frame and we will analyze all projects over a 25-year period.
Study Sites
Site selection was made in cooperation with a public agency specializing in water and aquatic ecosystem management, the ONEMA (The French National Agency for Water and Aquatic Environments) and Water Agencies. We selected four different case studies in France taking place in different institutional contexts (Fig. 3 , Table 3 ).
We start with the simplest case study and proceed to the more complex studies. Both the Port 2000 and the Libellule zone case studies allow comparison of different actions of restoration within the same project. At the end, the idea is to be able to compare both different restoration projects and different restoration actions within the same projects in order to carry out our analysis at two different levels of investment. 
Results
This part presents the application of HEA to the calculation of the gain in ecosystem services associated with each of our projects (summarized in Table 4 ). To show that HEA is a good tool for valuation of a variety of projects, taking into account their institutional contexts and objectives, we have analyzed each project separately.
The details of the calculation of DSAYS for each project are provided in the Supplementary Material.
Vurpillères Stream
The Vurpillères stream is located in the upper Jura mountains, in the Nature Reserve (NR) of Lake Remoray. It is a little over 1 km long, supplied by a watershed with no anthropogenic activity. It crosses low marshes and peat lands. In the 1960s, with the aim of draining the marshes for agriculture, the stream was channeled. This alteration resulted in a loss of diversity of habitats and species, without yielding usable land. When the NR was established in 1980, public access to the wetlands was completely prohibited, and in 1997 the first management plan enabled the reserve manager to begin the restoration of the Vurpillères (Fig. 4) . Valuation of this restoration project was conducted using HEA. For calibration of the model, we used information from the monitoring of small invertebrates of the communities plecoptera, trichoptera, and ephemeroptera. Monitoring of the restored stream was conducted in 1993 , 1998 , 2002 , and 2007 (Redding 2009 ). We chose the species richness of these communities as an indicator for the calculation, and the number of species at the last observation (2007) as a reference state, assuming that the stream had returned to its initial level of services. The application of HEA for the calculation of gains gave 5.79 DSAYs between 1997 date of the project and 2022 (Table 5 ).
In the same manner, we calculated the loss associated with the channelization of the stream in 1966 with HEA. We obtained a total of 25.95 DSAYs lost. This emphasizes that the restoration of ecosystems fails to take into account the temporal loss associated with past impacts. In the case of the Vurpillères stream, compensation for the total losses would have required a project 4.5 times larger.
Kervigen Marsh
The Kervigen marsh is located in the bay of Douarnenez in Brittany. It is a 22 ha marsh separated from the sea by a coastal dune. It is crossed by the river Kerharo, whose watershed is known for its intensive agriculture. In the 1960s, the swamp was drained for agriculture. This resulted in the redirection of the river and the raising of the dune. Agricultural activity ceased in 1975. In 1990, because of the intense exposure of Douarnenez Bay to green tides, Kervigen marsh became the subject of an experiment taking advantage of its performance in purifying nitrates. The success of this experiment led to the acquisition of land from the local government and the establishment of a rehabilitation program: restoration of the dune and diversion of part of the flow of the river into the marsh with the installation of two systems of sluices for water level management (Fig. 5) .
Given the high purification capacity of the marsh, a broad program of restoration has been included in the nitrate mitigation strategy of the watershed of the Douarneney bay. This program aims to use marsh rehabilitation to reduce the quantity of nitrate in the bay by 50 tons per year. We used this objective for the calibration of HEA for valuation of the Kervigen marsh.
The purification performance of the Kervigen marsh varies between 2 and 4 kg day -1 ha -1 , as the marsh is used 110 days per year (when the water level in river is high enough to allow fish circulation despite its redirection into the marsh). Calculation of ecological gains using HEA gave us 0.079 and 0.158 DSAYs for performances of 2 and 4 kg day -1 ha -1 , respectively (Table 6 ). The restoration strategy sets a goal of reducing nitrate by 50 tons per year. This can be treated as a deficit of ecosystem services: if nothing is done 100 % of services will be lost, corresponding to 18.41 DSAYs between 2012 and 2037. Measuring the gains associated with the Kervigen marsh rehabilitation allows us to compare different strategies for restoration of marshes (Table 7) . Using HEA, we can determine the amount of restoration needed to reach 50 tons of nitrate reduction. We can see that changing the time limit for the objective will change the total surface area of the project, because the application of a discount rate gives preference for services produced in 2012 over those produced later.
Environmental Measures of Port 2000
The Seine estuary refers to the part of the river that is subject to tidal influence. It is a densely populated region and home to a variety of economic activities. The estuary is characterized by high biological diversity (birds, fish, etc.) and is included in the Natura 2000 network. It is also protected by the NR of the Seine Estuary. Because of the construction of Port 2000, the Le Havre harbor had to set up two types of environmental measures to offset impacts on local biodiversity: compensatory measures and accompanying measures.
These measures were designed to compensate for the destruction of a disused deposition chamber which had been colonized by seabirds-particularly shorebird species. Compensatory measures focused on the creation of a shorebird resting place on dunes: a resting area of 45 ha consisting of a basin subject to tidal influence and a large dry area, and an islet resting place comprising 5 ha at low tide which is reduced to 1.5 ha and three smaller islets at high tide (Fig. 6) . As the objective of the islet was to welcome shorebirds at high tides, we retained the surface of 1.5 ha in all calculations.
Among the accompanying measures, we studied a mudflat rehabilitation project. This project involved the creation of an artificial meander to restore 100 ha of mudflats which had undergone a decrease of their surface area at a rate of 20 ha per year since 1980. We used HEA to value these projects in two ways, first considering the compensatory measures, and second considering accompanying measures (Table 8) .
First, we focused on the valuation of the two compensatory measures: the resting places for shorebirds. The valuation of projects using HEA is similar to its initial use in the NRDA framework, with the difference that the impact is not accidental and temporary but deliberate and permanent. As a result, the objective for valuation of both repository area and islet is compensation for loss of habitat for shorebirds. We used the global population of shorebirds in the estuary as the indicator. In 1997, objectives were set for compensatory restoration to rectify the loss of population of shorebirds due to port development. We used data produced by Wetland International from observation of the shorebird population in the estuary between 1985 and 2007 (Aulert et al. 2009 ). The projects of Port 2000 were finished in 2005, so we assumed that after that year, all changes in the shorebird population at the scale of the estuary were due to compensatory measures. As we had data only through 2007, we had to make assumptions about the maturity curve associated with the pace of recovery. We assumed that because of the last adjustment and good management practices, the compensation measures worked and that shorebird population recovered its 1997 level in 2011 with a linear growth from 2007 to 2011. We could then calculate the gains associated with both repositories between 2005 and 2030 using HEA, result is of 0.131 DSAYs.
For the accompanying mudflat restoration measure, the objective of the project was to restore 100 ha of mudflats by action on 300 ha. Although mudflats did not appear at the expected place, 60 ha appeared elsewhere, so we assumed that appearance is directly linked to the project and used the surface area of the mudflats as an indicator to calculate gains with HEA. According to local observation of (Aulert et al. 2009 ), the area of new mudflats was 45 ha in 2008. We also had to make assumptions to calculate the pace of restoration over time. The work ended in 2005, so we assumed that the emergence of mudflats started in 2006, allowing one year for the system to stabilize after completion of the work. We then assumed linear growth between 2006 and 2008 (45 ha) and between 2008 and 2012 (60 ha) and stabilization of the system in 2012. Calculation of the ecological gains using HEA gave a result of 9.12 DSAYs for the rehabilitation of mudflats. Values in DSAYS have no meaning in absolute terms, but we can use them as a relative measure of each project's objectives. In the case of compensatory measures, we can value the temporal loss of services associated with port development (using the loss side of Eq. 1). We measured a total loss of 2.16 DSAYs. According to Eq. 2 and the quantity of DSAYs associated with the action of compensation, additional compensation of 16.4 ha would be necessary to make good the temporal losses. If we rely on the replacement cost principle, as 46.5 ha cost around 9.9 million EUR, the value of the temporal loss of services associated with shorebird compensation is an additional 3.3 million EUR.
Libellule

Ò Zone
In 2007, the towns of Saint-Just and Saint-Nazaire-dePézan undertook the renovation of their wastewater treatment plant (WWTP). Because of the plant's location in the watershed of a protected Mediterranean lagoon exposed to eutrophication problems (the Or lagoon), the partners proposed to create a lagoon system to apply tertiary treatment while acting as a buffer between the WWTP and the natural environment. The company in charge of the project offered to support the costs of establishing the lagoon system in exchange for the opportunity to implement the Libellule Ò zone in place of the original project, which consisted merely of a pond planted with reeds. In addition to the initial objectives, this new system included innovative projects: a research program on micro-pollutants and joint production of a rich biodiversity or credit production for wetland and biodiversity offsets. The company's goal was to use this pilot project to develop a market for implementation of the Libellule Ò zone. The zone has been operational since 2009. Part of the water leaving the WWTP reaches a succession of wetland habitats-phytoplankton basin, reed marsh, meandering zone, anastomosing array, and free zone-complemented by a humid meadow, an alluvial zone, an area planted with trees and a sand filter (Fig. 7) .
As the goal of the project manager of the Libellule Ò zone is to create a market for similar projects, it can be valued in terms of different objectives corresponding to different institutional contexts which would require implementation of such projects. On the basis of the data available and the potential markets, we can select the elements to calibrate HEA for the calculation of gains in ecosystem services (Table 9) . If we consider the Libellule Ò zone in the context of the production of a lagoon system for WWTP, it can be valued in terms of its objective of tertiary treatment. The project's initiators decided to implement this constructed wetland because the WWTP was located in the watershed of a protected lagoon greatly exposed to eutrophication. Data availability and discussion with local experts led us to choose the level of dissolved oxygen as an indicator of the activity of vegetal species, which are among the major drivers of purification capacity of the Libellule Ò zone. Gains valued through HEA can thus be measured in terms of the level of the indicator in the lagoon. We calculated the gains using HEA and derived an amount of 1.26 DSAYS on a 25-year period length (Table 9) .
We also valued the project in terms of alternative actions corresponding to different objectives such as offset production or security of the WWTP rejects as presented in Table 9 . As a result, we obtained 9.57 and 6.44 DSAYs for the valuation of Libellule Ò zone in the perspective of offset production for habitat and biodiversity, respectively, and 6.92 DSAYs in perspective of security of the WWTP rejects.
As shown in Table 9 , DSAYs value is very sensitive to the choice of assumptions for the calculation of gains (particularly for the indicator and the reference state). Since each of these assumptions can be disputed, it does not make sense to consider these results in absolute values. In light of this, we propose to discuss these values from the perspective of the institutional objectives driving these projects. DSAYs could then be used as a unit for comparing alternative actions within the same project.
Comparative Results
As we mentioned above, the results of valuation using expanded HEA are not meaningful as absolute values and must be analyzed in comparative terms. Table 10 shows the results of a cost-effectiveness analysis conducted on the basis of ecological efficacy expressed in DSAYs and the cost per hectare of projects. The cost of the project was determined using the cost of investment and the annual costs of management and monitoring (when scheduled). Total costs for the project were calculated over the same a Restoration was applied on 1100 m of the river, piezometric level was improved on riverbanks on a strip of 10-20 m large on each side of the river. We retain a width of 15 m on each side to calculate the surface impacted by the restoration project 
Discussion
HEA can provide a simple tool to clarify the objectives of restoration projects, the means to achieve them, and a tool to assess the efficacy of actions taken to achieve these objectives. It enables us to assess the ecological efficacy of alternative restoration programs in biophysical units and to compare them with their costs.
Results
The comparison of projects using expanded HEA raises the question of the substitutability of DSAYs. At the level of investment in natural capital, we can compare restoration projects with each other as well as comparing restoration actions within each project. Such comparisons should enable responsible parties to determine the best investment in ecosystem services regardless of location, ecosystem type, or institutional goal. Using this method, prioritizing investments within a constant budget would mean choosing the project with the lowest cost-effectiveness ratio. From this perspective, the most interesting project is the restoration of Vurpillères stream (Table 10) . When we introduce more precise considerations, such comparisons need to be made with caution. Indeed, as we can see in Table 10 , the Libellule zone appears to be the worst project when we consider its efficacy in terms of a restoration action focused on tertiary treatment of WWTP, whereas it becomes a more interesting project than bird repositories when we consider its efficacy in terms of a restoration action focused on biodiversity offset. Given that projects are implemented in specific locations, the restriction of investment to a specific area narrows the set of possible solutions. Thus, the best investment decision on the Seine estuary would be to prefer mudflat rehabilitation over bird repository restoration (Table 10 ). These issues are related to methodological assumptions that need to be discussed.
Methodology
As mentioned earlier, the HEA methodology relies on key assumptions that need to be discussed in light of our proposal for expansion of its use.
First, the value of ecosystem services is supposed to be constant over time, which might be true for short periods but is more difficult to argue for longer periods as retained by HEA (Zafonte and Hampton 2007) . The question of constant value is significant in relation to the spatial dimension. We have made the same assumptions for our calculation.
Second, HEA applied a discount rate to the ecosystem services in order to take into account the human time preference for the present. There is an extended literature which discusses the problems regarding discount rates and proposes modifications and alternatives (Henderson and Bateman 1995; Weitzman 1998; Frederick et al. 2002; Young and Hatton MacDonald 2006) . As a result, since the time reference is the year of impact, projects implemented earlier have a greater value. In the context of our extended approach, this may raise problems. For example in the case of the use of HEA to value production of biodiversity offset, a project implemented before impacts could accumulate enough ecosystem services to compensate impacts on a larger area, which seems to be the opposite of the objective of the principle of compensation.
Third, the quantity of DSAYs we calculated using HEA is heavily dependent on the choice of indicators (Strange et al. 2002 ; Table 1 ). This is one of the strengths of introducing HEA into the NRDA framework, as it requires operators to consider the choice of the indicators carefully. The adoption of HEA fulfills a need to simplify the calculation of costs, since the complexity and opacity of previous calculation systems have limited the implementation of compensation measures.
Fourth, we note that calculation of DSAYs relies on assumptions about the maturity function or the observation of indicators. All assumptions about the value of the indicators explicitly stated in this paper were made using available data, but they are based on the authors' arbitrary interpretations. In its real-world use, HEA relies on a more participatory process which helps reduce the uncertainty accruing from multiple assumptions.
Fifth, HEA allows the application of a ratio which can be used to show a preference for some action over another (Levrel et al. 2012) or to place differing weights on the location of compensation compared to the location of the impact. It can be a way to determine, indirectly, the value of the ES lost and the ES gained. Thus, Eq. 1 can be transformed in Eq. 2 so as to help operators determine the size of restoration. This makes it possible to apply the ratio of the value of damaged services to the value of restored services V I V R . Ratios can be applied, for example, to give preferences for the types of action chosen to implement compensatory restoration (Levrel et al. 2012) .
We have not applied such ratios in our calculations, but application of HEA in a decision procedure could consider the use of ratios. For example, in the case of the meander, we stated that the outcome of the restoration did not appear at the expected location. A ratio could be applied to underline the insufficiency of the outcome to achieving the institutional goal and to decrease the value of the ecological efficacy.
What Role for This New Tool?
The objective of this paper is to examine the use of the HEA to estimate the cost effectiveness of investments in aquatic ecosystems in light of their institutional objectives. For each of our study sites, we obtained a quantity of DSAYs calculated considering the institutional goal of every action. As we mentioned, the value of DSAYs has no absolute meaning, and must be considered in relative terms. In this view, valuation with HEA can be used in three ways:
1. ex ante to determine the scale of an action required to produce the exact quantity of ecosystem services required; 2. ex ante to analyze trade-offs among several projects in order to choose the most cost effective; 3. ex post to illustrate the efficacy of an action within a specific context.
Our proposition is strongly oriented toward the consideration of institutions as they constitute the frame of reference for valuation. Thus, we can only discuss the results of valuation using HEA under the objectives fixed by the relevant institutions. A restoration project implemented for a specific purpose cannot be considered as more valuable than another project if it does not meet its objective, even if it has a higher monetary value. The valuation of restoration projects in biophysical terms has considerable promise, as it is not subject to the usual criticisms of monetary valuation. Thus, it can be a good complement to other valuation methods.
